ABSTRACT
INTRODUCTION
Plantago is a polymorphic genus of Plantaginaceae family consisted of more than 260 species worldwide distributed. Kamchatic plantain-P. camtschatica Link, synonym P. depressa Wild.
subsp. camtschatica (Cham. ex Link) Pilg., a perennial medicinal plant belonging to this family [8, 12] contains many biologically active compounds such as iridoid glycosides, polysaccharides, subsp. camtschatica (Cham. ex Link) Pilg., a perennial medicinal plant belonging to this family [8, 12] contains many biologically active compounds such as iridoid glycosides, polysaccharides,
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ABSTRACT

In vitro seedling offspring of Plantago camtschatica Link was investigated regarding induction of somatic embryogenesis in petiole/leaf explants from shoot tissue and shoot proliferation. The aim of study was to investigate the medium supplemented with suitable concentration of plant growth regulators in order to induce somatic embryogenesis, plant regeneration and shoot multiplication. The results showed that: (i)
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flavonoids, caffeic acid derivatives and terpenoids. This plant is mentioned as an old medicinal plant that has been used more than a millennium ago for wound healing remedy and in the treatment of a number of diseases which include diseases related to the skin, respiratory organs, digestive organs, reproduction the circulation, anti-cancer, pain relief and against infections [15, 18 & 25] . Recently, this variety has attracted much attention and became economically important [2 & 13] . Plantain propagation through conventional and tissue culture methods were successfully achieved for several other species: P. asiatica L., P. lanceolata L., P. major L., P. maritima L., P. media L. and P. ovata Forssk [9, 16, 17 & 23] . Therefore, our objective of this study was to investigate the effective media for inducing somatic embryogenesis, shoot regeneration and multiplication stages of P. camtschatica plant, in order to apply for and improve the plantain production and application, as well as contributing to the development of broadleaf plantain processing industry that its products supplied for both domestic and overseas consumptions.
MATERIALS AND METHODS
Plant materials
The matured seeds of P. camtschatica were surface-sterilized by rinsing with 70% ethanol for 2 min and rinsed 3 times in sterile distilled water. Then the seeds were sterilized in 2% (v/v) NaOCl and 0.03% (v/v) Tween 20 for 15 minutes, rinsed 3 times in sterile distilled water. And then the seeds were rinsed by 0.1% (w/v) HgCl 2 solution for 2 minutes and finally rinsed 6 times in sterile distilled water. Media and culture condition MS basal medium including vitamins, SigmaAldrich-USA, [19] , plant growth regulators (BA, TDZ, 2,4-D and NAA) were added (depending on in vitro cultured stages), and the pH of the media were adjusted to 5.7-5.8 using NaOH/HCl solution. The sterilized seeds were aseptically germinated in jars containing 30 gL -1 agar-solidified MS basal medium that free plant growth regulators at growth chamber with temperature of 25±1 o C. The culture was placed in the dark and transferred into the light after germinating in 80-90% humidity and light intensity 3000 lux.
Effect of various hormone concentration and combinations on callus induction
The experiment was arranged in a Randomized Complete Bock Design (RCBD) with 16 treatments, 5 replications, and 5 explants per replication for each type of sample. Those treatments were distributed in various combination of 2,4-D concentration (0, 0.1, 0.5 and 1 mgL -1 ) and BA concentration (0, 0.5, 1 and 2 mgL -1 ). 
Shoot regeneration and multiple shoots
Root induction
The experiment was arranged in a RCBD with 10 treatments, 5 replications, jar (3 shoots, 1.5 -2 cm height) per replication. Shoot tips with 3-4 leaves were cultured. The treatments were arranged in 2 kinds of MS medium (half and full strength) which were supplemented with activated charcoal 2 gL 
RESULTS AND DISCUSSION
Effect of various hormone concentration and combinations on callus induction
Plant growth regulators are important in plant tissue culture since they play vital roles in stem elongation, tropism, and apical dominance. Those growth regulators are required in combination in the media as it is always the manipulation and variation of auxins and cytokinins levels that can successfully change the growth behavior of plant cultures [6] . Proportion of auxins to cytokinins determines the type and extent of organogenesis in plant cell cultures [21] . Thus, callus formation was observed in 4 weeks after inoculation from the young leaf and petiole explants on modified MS medium containing different concentration of 2,4-D (0, 0.1, 0.5, 1 mgL -1 ) and BA (0, 0. 
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Effect of various hormone concentration and combinations on callus induction
Plant growth regulators are important in plant tissue culture since they play vital roles in stem elongation, tropism, and apical dominance. Those growth regulators are required in combination in the media as it is always the manipulation and variation of auxins and cytokinins levels that can successfully change the growth behavior of plant cultures [6] . Proportion of auxins to cytokinins determines the type and extent of organogenesis in plant cell cultures [21] . 
Effect of BA concentration on in vitro shoot multiplication of kamchatic plantain
Apart from the influence of genotypes, shoot proliferation rate and elongation are influenced by cytokinin types and their concentration. Adeninebased cytokinins are commonly used in a large of species for in-vitro propagation, and BA or BAP is the most commonly preferred cytokinin [24] . The concentration of exogenous cytokinin appears to be the main factor affecting multiplication. The findings of this study demonstrated the effects of cytokoinins on shoots formation and multiplication. In this experiment the use of BA alone had significant effect on shoot proliferation (Table 2 ). Shoot proliferation is important component of quality for micropropagation. It was observed that the response to a range of concentrations of BA was statistically different (P = 0.01) with respect to number of shoots per explants during 8 weeks of culture. New shoots formed on the MS medium with 5 and 7 mgL -1 BA, were the highest (2.8, 3.6, 3.7, 3.7 shoots and 3.3, 3.5, 3.8, 4.9 shoots after 2, 4, 6 and 8 weeks cultured, respectively). Those shoots were healthy (Fig.2 C&F) and were ready to root. The shoots were multiplied on a same medium for over 6 months. [20] mentioned that the initial response of explants to shoot formation due to addition of cytokinin is mediated by an increase in the cytosolic calcium concentration which is promoted by its high uptake from the media. This affects cytoskeleton and regulates exocytosis [11] . [22] indicated that for multiplication of propagules, a medium containing a range of concentration 0.1 -20 mg/ of BA is added to the media. Generally, this study indicates that increasing concentration of BA for this particular variety enhanced the buds formations. Addition of 5-7 mgL -1 to the growth media showed best results compared with all other treatments ( Table  2) . This seems to be the optimal concentration for this variety. 
Effect of NAA concentration on root induction of kamchatic plantain
The mineral composition of nutrient solutions should be adapted to each particular situation. Indeed, full strength of salts in media proved good for several species, but in some species the reduction of salts level to ½ or ¼ the full concentration gave better results in in vitro growth. Among different concentration and combination of NAA and MS minerals on the in vitro root induction of plantain were shown in Tables 3. The results showed positively that the best number of root (13.7) was observed on 1/2 MS medium, better than full strength MS, significantly different at 0.01 level. Thus optimal growth and morphogenesis of tissues may vary for different plants according to their nutritional requirements. Moreover, tissues from different parts of plants may also have different requirements for satisfactory growth [10 & 19] . In in vitro rooting stage, plantlet quality may be effectively improved by reducing of macromineral requirements especially lowering nitrogen concentration [7] . On the other hands, NAA concentration was significant for the response of root number. The best number of root was on medium with 0.5-4 mgL -1 NAA (Table 3 ). In the study, the plantlets with well developed roots were separated from the culture vials without damaging the roots. The media adhering to the roots were washed in running tap water. After washing the roots, all plantlets were transferred to pots with substrates in a plastic tray, covered with lids/plastic bags and kept under the growth room condition for a period of 2 weeks. Then lids/plastic bags were taken off and plants were left to grow in the net house. The results revealed that the survival rate and new number of leaf of shoots was highest with all substrates (93.3-100%), except to sand (86.7%), significant difference at 0.05 level (Table 5 ). In the net house condition high percentages of plantlets were successfully transferred into potted substrates and they developed into normal plants in the greenhouse with high survival after 4 week culture. Phenotypic variability was not observed in plants (Fig.2H) 
